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SIGNAL PROCESSING APPARATUS AND sensor attached to a tool or a body , effect processing for the 
SIGNAL PROCESSING METHOD waveform signal or another waveform signal , the waveform 

signal being output from the sensor . 
CROSS - REFERENCE TO RELATED In addition , according to the present disclosure , there is 

APPLICATIONS 5 provided a computer program for causing a computer to 
execute : executing , on a basis of a waveform signal gener 
ated in accordance with a motion of an attachment portion The present application is a continuation application of of a sensor attached to a tool or a body , effect processing for 

U.S. patent application Ser . No. 15 / 761,626 , filed Mar. 20 , the waveform signal or another waveform signal , the wave 
2018 , which is a National Stage of PCT / JP2016 / 079866 , form signal being output from the sensor . 
filed Oct. 6 , 2016 , and claims the benefit of priority from 
prior Japanese Patent Application JP 2015-200899 , filed Advantageous Effects of Invention 
Oct. 9 , 2015 , the entire content of which is hereby incor 
porated by reference . As described above , according to the present disclosure , 

a signal processing apparatus , a signal processing method , 
TECHNICAL FIELD 15 and a computer program that are novel and improved , and 

can perform presentation so that a body motion itself can be 
The present disclosure relates to a signal processing aurally felt can be provided . 

apparatus , a signal processing method , and a computer Note that the effects described above are not necessarily 
program . limitative . With or in the place of the above effects , there 

may be achieved any one of the effects described in this 
BACKGROUND ART specification or other effects that may be grasped from this 

specification . 
For example , Patent Literature 1 discloses a technology of 

BRIEF DESCRIPTION OF DRAWINGS controlling changes in tone and sounds in accordance with 
a motion of an object . In addition , for example , Patent 
Literature 2 discloses a technology of realizing sound output FIG . 1 is an explanatory diagram illustrating an overview 
that is based on a motion of a user . of a signal processing apparatus according to an embodi 

ment of the present disclosure . 
CITATION LIST FIG . 2 is an explanatory diagram illustrating a first 

30 configuration example of a signal processing apparatus . 
Patent Literature FIG . 3 is a flow chart illustrating a first operation example 

of the signal processing apparatus . 
Patent Literature 1 : JP 2013-228434A FIG . 4 is an explanatory diagram illustrating a second 
Patent Literature 2 : JP 2009-151107A configuration example of a signal processing apparatus . 

FIG . 5 is a flow chart illustrating a second operation 
DISCLOSURE OF INVENTION example of the signal processing apparatus . 

FIG . 6 is an explanatory diagram illustrating a third 
Technical Problem configuration example of a signal processing apparatus . 

FIG . 7 is a flow chart illustrating a third operation 
Nevertheless , the technology disclosed in Patent Litera- 40 example of the signal processing apparatus . 

ture 1 is not a technology of converting a motion of a user FIG . 8 is an explanatory diagram illustrating a fourth 
itself into a sound , and outputting the resultant sound . Thus , configuration example of a signal processing apparatus . 
the user cannot aurally feel a user motion itself . In addition , FIG . 9 is a flow chart illustrating a fourth operation 
the technology disclosed in Patent Literature 2 requires a example of the signal processing apparatus . 
sound source for presenting a motion of a body by sound , 45 FIG . 10 is an explanatory diagram illustrating a fifth 
and is not a technology of aurally presenting the motion configuration example of a signal processing apparatus . 
itself of the body . Thus , the user cannot aurally feel a user FIG . 11 is an explanatory diagram illustrating an external 
motion itself . appearance example of a signal processing apparatus . 

In view of the foregoing , the present disclosure proposes FIG . 12 is an explanatory diagram illustrating an external 
a signal processing apparatus , a signal processing method , 50 appearance example of a signal processing apparatus . 
and a computer program that are novel and improved , and FIG . 13A is an explanatory diagram illustrating an exter 
can perform presentation so that a body motion itself can be nal appearance example of a signal processing apparatus . 
aurally felt . FIG . 13B is an explanatory diagram illustrating an exter 

appearance example of a signal processing apparatus . 
Solution to Problem FIG . 13C is an explanatory diagram illustrating an exter 

nal appearance example of a signal processing apparatus . 
According to the present disclosure , there is provided a FIG . 14 is an explanatory diagram schematically illus 

signal processing apparatus including : a control unit con trating an effect of putting a semispherical honeycomb case 
figured to execute , on a basis of a waveform signal generated on a microphone . 
in accordance with a motion of an attachment portion of a 60 FIG . 15 is an explanatory diagram illustrating an appli 
sensor attached to a tool or a body , effect processing for the cation example of a signal processing apparatus . 
waveform signal or another waveform signal , the waveform 
signal being output from the sensor . MODE ( S ) FOR CARRYING OUT THE 

In addition , according to the present disclosure , there is INVENTION 
provided a signal processing method including : executing , 65 
by a processor , on a basis of a waveform signal generated in Hereinafter , ( a ) preferred embodiment ( s ) of the present 
accordance with a motion of an attachment portion of a disclosure will be described in detail with reference to the 

35 

55 
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appended drawings . Note that , in this specification and the to the wrist of the left arm of the user 1 , and the signal 
appended drawings , structural elements that have substan- processing apparatus 100 can be attached to any position 
tially the same function and structure are denoted with the other than the wrist of the left arm of the user 1. In addition , 
same reference numerals , and repeated explanation of these FIG . 1 illustrates the wristband - type signal processing appa 
structural elements is omitted . 5 ratus 100. Nevertheless , the form of the signal processing 
In addition , the description will be given in the following apparatus 100 is not limited to this example , and the signal 
order . processing apparatus 100 may have a form to be attached to 
1. Embodiment of Present Disclosure cloth worn by the user 1 , for example . 
1.1 . Overview By performing signal processing such as an effect on a 
1.2 . First Configuration Example and Operation Example 10 signal generated by a motion of the portion , the tool , or the 
1.3 . Second Configuration Example and Operation Example like to which the apparatus is attached , to generate another 
1.4 . Third Configuration Example and Operation Example signal , that is , a sound signal for exaggeratingly represent 
1.5 . Fourth Configuration Example and Operation Example ing , by sound , a motion of the portion , the tool , or the like 
1.6 . Fifth Configuration Example and Operation Example to which the apparatus is attached , the signal processing 
1.7 . External Appearance Example 15 apparatus 100 according to the embodiment of the present 
1.8 . Application Example disclosure enables presentation to be performed so that a 
2. Conclusion body motion itself can be aurally felt . As effect processing , 

the signal processing apparatus 100 can perform a filter 
1. Embodiment of Present Disclosure effect such as a lowpass , highpass , and bandpass , and 

20 addition synthesis or subtraction synthesis with an oscillator 
1.1 . Overview ( sine wave , sawtooth wave , triangle wave , rectangular wave , 

etc. ) . 
First of all , an overview of a signal processing apparatus For example , the signal processing apparatus 100 can 

according to an embodiment of the present disclosure will be output a motion of the portion , the tool , or the like to which 
described . FIG . 1 is an explanatory diagram illustrating an 25 the apparatus is attached , as a loud effect sound as in comics 
overview of the signal processing apparatus according to the and animations . In addition , for example , the signal pro 
embodiment of the present disclosure . cessing apparatus 100 can output a sound obtained by 

The signal processing apparatus according to the embodi- expanding claps , footsteps , or a finger snapping sound . In 
ment of the present disclosure is an apparatus that can be addition , for example , the signal processing apparatus 100 
attached to a portion in a body of a human that has a motion , 30 can output a sound obtained by expanding all sounds gen 
a sporting tool , or the like . In addition , the signal processing erated due to the body ( hit sound , friction sound , etc. ) . For 
apparatus according to the embodiment of the present dis- example , the signal processing apparatus 100 can output a 
closure is an apparatus that performs signal processing for a sound obtained by expanding a sound generated by the user 
signal generated by a motion of a portion , a tool , or the like tapping an object , sliding on an object with a hand , rubbing 
to which the apparatus is attached ( for example , an aerody- 35 both palms , or sliding a foot . 
namic sound such as a wind whizzing sound , a sound The overview of the signal processing apparatus accord 
generated by a human near the portion to which the appa- ing to the embodiment of the present disclosure has been 
ratus is attached ) , to generate another signal , that is , a sound described . 
signal for exaggeratingly representing , by sound , a motion 
of the portion , the tool , or the like to which the apparatus is 40 1.2 . First Configuration Example and Operation 
attached . Example 
FIG . 1 is an explanatory diagram illustrating a state in 

which a signal processing apparatus 100 according to the Subsequently , the first configuration example of the signal 
embodiment of the present disclosure is being used . FIG . 1 processing apparatus 100 according to the embodiment of 
illustrates a state in which the wristband - type signal pro- 45 the present disclosure will be described . FIG . 2 is an 
cessing apparatus 100 is attached to a wrist of a left arm of explanatory diagram illustrating the first configuration 
a user 1 . example of the signal processing apparatus 100 according to 
As illustrated in FIG . 1 , if the user 1 swings the left arm the embodiment of the present disclosure . 

back and forth in a state in which the user 1 wears the signal As illustrated in FIG . 2 , the signal processing apparatus 
processing apparatus 100 on the wrist of the left arm , the 50 100 according to the embodiment of the present disclosure 
signal processing apparatus 100 collects an aerodynamic includes a microphone input unit 110 , a control unit 120 , and 
sound generated by the backward and forward motions of a sound output unit 130 . 
the left arm of the user 1 , and a sound generated by the user The microphone input unit 110 acquires an aerodynamic 
1. The signal processing apparatus 100 then performs signal sound generated by a motion of the portion , the tool , or the 
processing such as amplification and an effect ( acoustic 55 like to which the signal processing apparatus 100 is attached , 
effect ) on the aerodynamic sound and the sound generated and a sound generated by a human near the portion to which 
by the user 1 that have been collected , and outputs sounds the apparatus is attached . The microphone input unit 110 
exaggeratingly representing motions of the left arm . Effect outputs the acquired sound to the control unit 120 as a sound 
processing can include , for example , echo , reverb , modula- signal . 
tion using low - frequency waves , a change in speed ( time 60 The control unit 120 includes , for example , a processor 
stretch ) , a change in musical pitch ( pitch shift ) , and the like . such as a central processing unit ( CPU ) and a digital signal 
In addition , amplification processing of sounds may also be processor ( DSP ) , a storage medium such as a read only 
regarded as one kind of effect processing . In addition , FIG . memory ( ROM ) and a random access memory ( RAM ) , and 
1 illustrates a state in which the signal processing apparatus the like . 
100 is attached to the wrist of the left arm of the user 1. 65 The control unit 120 performs signal processing for a 
Nevertheless , it should be appreciated that an attachment sound signal output by the microphone input unit 110 , as a 
position of the signal processing apparatus 100 is not limited waveform signal generated on the basis of a body motion of 



US 11,036,305 B2 
5 6 

the user . As signal processing for a sound signal output by By executing the operations as illustrated in FIG . 3 , the 
the microphone input unit 110 , the control unit 120 per- signal processing apparatus 100 according to the embodi 
forms , for example , amplification processing for at least a ment of the present disclosure can perform signal processing 
partial frequency band , predetermined effect processing , or for a signal generated by a motion of the portion , the tool , 
the like . As mentioned above , the amplification processing 5 or the like to which the apparatus is attached , to generate 
may also be regarded as one kind of effect processing . If the another signal , that is , a sound signal for exaggeratingly 
control unit 120 performs the signal processing on the sound representing , by sound , a motion of the portion , the tool , or 
signal output by the microphone input unit 110 , the control the like to which the apparatus is attached . By executing the 
unit 120 outputs a signal obtained after the signal process- operations as illustrated in FIG . 3 , the signal processing 
ing , to the sound output unit 130 . 10 apparatus 100 according to the embodiment of the present 

The control unit 120 may set an amplification amount for disclosure enables presentation to be performed so that a 
a sound signal output by the microphone input unit 110 , a body motion itself can be aurally felt , by generating a sound 
frequency band used in the amplification , and details of signal for exaggeratingly representing , by sound , a motion 
effect processing , to those designated by a user ( for example , of the portion , the tool , or the like to which the apparatus is 
the user 1 ) , or automatically decide an amplification amount , 15 attached . 
a frequency band , and details of effect processing . In the 
case of automatically deciding an amplification amount for 1.3 . Second Configuration Example and Operation 
a sound signal output by the microphone input unit 110 , a Example 
frequency band used in the amplification , and details of 
effect processing , the control unit 120 may decide an ampli- 20 Subsequently , the second configuration example of the 
fication amount , a frequency band , and details of effect signal processing apparatus 100 according to the embodi 
processing in accordance with , for example , details of a ment of the present disclosure will be described . FIG . 4 is an 
motion of the signal processing apparatus 100 , that is , details explanatory diagram illustrating the second configuration 
of a motion of the portion , the tool , or the like to which the example of the signal processing apparatus 100 according to 
signal processing apparatus 100 is attached . 25 the embodiment of the present disclosure . 
The sound output unit 130 includes , for example , a As illustrated in FIG . 4 , the signal processing apparatus 

speaker , and outputs a sound that is based on a signal output 100 according to the embodiment of the present disclosure 
from the control unit 120 . includes the microphone input unit 110 , a sensor input unit 
By having a configuration as illustrated in FIG . 2 , the 112 , the control unit 120 , and the sound output unit 130 . 

signal processing apparatus 100 according to the embodi- 30 Similarly to the microphone input unit 110 of the signal 
ment of the present disclosure can perform signal processing processing apparatus 100 that is illustrated in FIG . 2 , the 
for a signal generated by a motion of the portion , the tool , microphone input unit 110 acquires an aerodynamic sound 
or the like to which the apparatus is attached , generate generated by a motion of the portion , the tool , or the like to 
another signal , that is , a sound signal for exaggeratingly which the signal processing apparatus 100 is attached , and 
representing , by sound , a motion of the portion , the tool , or 35 a sound generated by a human near the portion to which the 
the like to which the apparatus is attached . By having a apparatus is attached . The microphone input unit 110 outputs 
configuration as illustrated in FIG . 2 , the signal processing the acquired sound to the control unit 120 as a sound signal . 
apparatus 100 according to the embodiment of the present The sensor input unit 112 acquires a motion signal gen 
disclosure enables presentation to be performed so that a erated by a motion of the portion , the tool , or the like to 
body motion itself can be aurally felt , by generating a sound 40 which the signal processing apparatus 100 is attached . The 
signal for exaggeratingly representing , by sound , a motion motion signal is output from a motion sensor including an 
of the portion , the tool , or the like to which the apparatus is acceleration sensor , an angular velocity sensor , a geomag 
attached . netic sensor , and the like , for example . The motion sensor 

FIG . 3 is a flow chart illustrating an operation example of may be integrated with the signal processing apparatus 100 , 
the signal processing apparatus 100 according to the 45 or may be a device separated from the signal processing 
embodiment of the present disclosure . apparatus 100. The sensor input unit 112 outputs the 
The signal processing apparatus 100 acquires a sound acquired motion signal to the control unit 120 . 

signal generated on the basis of a body motion of the user , The control unit 120 performs signal processing for a 
as a waveform signal generated on the basis of a body sound signal output by the microphone input unit 110 , as a 
motion of the user ( step S101 ) . If the signal processing 50 waveform signal generated on the basis of a body motion of 
apparatus 100 acquires the sound signal generated on the the user . As signal processing for a sound signal output by 
basis of the body motion of the user , the signal processing the microphone input unit 110 , the control unit 120 per 
apparatus 100 subsequently executes signal processing for forms , for example , amplification processing for at least a 
the acquired sound signal ( step S102 ) . The signal processing partial frequency band , predetermined effect processing , or 
in step S112 is executed by the control unit 120. As signal 55 the like . If the control unit 120 performs the signal process 
processing executed in step S102 , the signal processing ing on the sound signal output by the microphone input unit 
apparatus 100 performs , for example , amplification process- 110 , the control unit 120 outputs a signal obtained after the 
ing for at least a partial frequency band , predetermined effect signal processing , to the sound output unit 130 . 
processing , or the like . Then , when performing the signal processing for the 

If the signal processing apparatus 100 executes the signal 60 sound signal , the control unit 120 illustrated in FIG . 4 uses 
processing for the sound signal , the signal processing appa- the motion signal supplied from the sensor input unit 112 . 
ratus 100 outputs a sound signal obtained after the signal For example , the control unit 120 changes a parameter of the 
processing has been executed ( step S103 ) . The sound signal signal processing for the sound signal , in accordance with 
obtained after the signal processing has been executed is content of the motion signal supplied from the sensor input 
output from the sound output unit 130 as a sound obtained 65 unit 112. More specifically , in a case where a value of the 
by expanding a motion of the portion , the tool , or the like to motion signal is large , that is , an amount of a motion of the 
which the signal processing apparatus 100 is attached . portion , the tool , or the like to which the signal processing 
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apparatus 100 is attached is large , the control unit 120 may amplification processing for the sound signal is performed , 
increase an amplification amount to be used when amplifi- or increase a change amount of the sound signal that is used 
cation processing for the sound signal is performed , or in effect processing . 
increase a change amount of the sound signal that is used in If the signal processing apparatus 100 executes the signal 
effect processing . 5 processing for the sound signal , the signal processing appa 

The control unit 120 may include a predetermined sound ratus 100 outputs a sound signal obtained after the signal 
source thereinside . In addition , the control unit 120 may processing has been executed ( step S113 ) . The sound signal 
execute signal processing corresponding to a motion signal , obtained after the signal processing has been executed is 
by combining a sound signal generated on the basis of a output from the sound output unit 130 as a sound obtained 
body motion of the user that is output by the microphone 10 by expanding a motion of the portion , the tool , or the like to 
input unit 110 , and the sound source included inside . which the signal processing apparatus 100 is attached . 

Similarly to the sound output unit 130 of the signal By executing the operations as illustrated in FIG . 5 , the 
processing apparatus 100 that is illustrated in FIG . 2 , the signal processing apparatus 100 according to the embodi 
sound output unit 130 includes , for example , a speaker , and ment of the present disclosure can perform signal processing 
outputs a sound that is based on a signal output from the 15 for a signal generated by a motion of the portion , the tool , 
control unit 120 . or the like to which the apparatus is attached , to generate 
By having a configuration as illustrated in FIG . 4 , the another signal , that is , a sound signal for exaggeratingly 

signal processing apparatus 100 according to the embodi representing , by sound , a motion of the portion , the tool , or 
ment of the present disclosure can perform signal processing the like to which the apparatus is attached . By executing the 
for a signal generated by a motion of the portion , the tool , 20 operations as illustrated in FIG . 5 , the signal processing 
or the like to which the apparatus is attached , to generate apparatus 100 according to the embodiment of the present 
another signal , that is , a sound signal for exaggeratingly disclosure enables presentation to be performed so that a 
representing , by sound , a motion of the portion , the tool , or body motion itself can be aurally felt , by generating a sound 
the like to which the apparatus is attached . By having a signal for exaggeratingly representing , by sound , a motion 
configuration as illustrated in FIG . the signal processing 25 of the portion , the tool , or the like to which the apparatus is 
apparatus 100 according to the embodiment of the present attached . 
disclosure enables presentation to be performed so that a In addition , by executing the operations as illustrated in 
body motion itself can be aurally felt , by generating a sound FIG . 5 , the signal processing apparatus 100 according to the 
signal for exaggeratingly representing , by sound , a motion embodiment of the present disclosure can change a param 
of the portion , the tool , or the like to which the apparatus is 30 eter used in signal processing , in accordance with a motion 
attached . of the portion , the tool , or the like to which the signal 

In addition , by having a configuration as illustrated in processing apparatus 100 is attached . Thus , by executing the 
FIG . 4 , the signal processing apparatus 100 according to the operations as illustrated in FIG . 5 , the signal processing 
embodiment of the present disclosure can change a param- apparatus 100 according to the embodiment of the present 
eter used in signal processing , in accordance with a motion 35 disclosure can change a sound to be output , in accordance 
of the portion , the tool , or the like to which the signal with an amount of a motion , even in the same operation . 
processing apparatus 100 is attached . Thus , by having a 
configuration as illustrated in FIG . the signal processing 1.4 . Third Configuration Example and Operation 
apparatus 100 according to the embodiment of the present Example 
disclosure can change a sound to be output , in accordance 40 
with an amount of a motion , even in the same operation . Subsequently , the third configuration example of the 
FIG . 5 is a flow chart illustrating the second operation signal processing apparatus 100 according to the embodi 

example of the signal processing apparatus 100 according to ment of the present disclosure will be described . In the first 
the embodiment of the present disclosure . configuration example and the second configuration 

The signal processing apparatus 100 acquires a sound 45 example of the signal processing apparatus 100 , the micro 
signal generated on the basis of a body motion of the user , phone input unit 110 acquires an aerodynamic sound gen 
and acquires a motion signal generated on the basis of a erated by a motion of the portion , the tool , or the like to 
body motion of the user ( step S111 ) . If the signal processing which the signal processing apparatus 100 is attached , and 
apparatus 100 acquires the sound signal generated on the a sound generated by a human near the portion to which the 
basis of the body motion of the user , and the motion signal 50 apparatus is attached . The third configuration example of the 
generated on the basis of the body motion of the user , the signal processing apparatus 100 performs signal processing 
signal processing apparatus 100 subsequently executes sig- for a motion signal generated on the basis of a body motion 
nal processing for the acquired sound signal on the basis of of the user , to generate a sound signal for exaggeratingly 
content of the motion signal ( step S112 ) . The signal pro- representing , by sound , a motion of the portion , the tool , or 
cessing in step S112 is executed by the control unit 120. As 55 the like to which the apparatus is attached . 
signal processing executed in step S112 , the control unit 120 FIG . 6 is an explanatory diagram illustrating the third 
performs , for example , amplification processing for at least configuration example of the signal processing apparatus 
a partial frequency band , predetermined effect processing , or 100 according to the embodiment of the present disclosure . 
the like . The signal processing apparatus 100 according to the 

For example , the signal processing apparatus 100 changes 60 embodiment of the present disclosure includes the sensor 
a parameter of the signal processing for the sound signal , in input unit 112 , the control unit 120 , and the sound output 
accordance with the content of the acquired motion signal . unit 130 . 
More specifically , in a case where a value of the motion Similarly to the sensor input unit 112 illustrated in FIG . 4 , 
signal is large , that is , an amount of a motion of the portion , the sensor input unit 112 acquires a motion signal generated 
the tool , or the like to which the signal processing apparatus 65 by a motion of the portion , the tool , or the like to which the 
100 is attached is large , the signal processing apparatus 100 signal processing apparatus 100 is attached . The motion 
may increase an amplification amount to be used when signal is output from a motion sensor including an accel 
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eration sensor , an angular velocity sensor , a geomagnetic executing the operations as illustrated in FIG . 7 , the signal 
sensor , and the like , for example . The sensor input unit 112 processing apparatus 100 according to the embodiment of 
outputs the acquired motion signal to the control unit 120 . the present disclosure enables presentation to be performed 
The control unit 120 performs signal processing for the so that a body motion itself can be aurally felt , by generating 

motion signal output by the sensor input unit 112 , as a a sound signal for exaggeratingly representing , by sound , a 
waveform signal generated on the basis of a body motion of motion of the portion , the tool , or the like to which the 
the user . As signal processing for the motion signal output by apparatus is attached . 
the sensor input unit 112 , the control unit 120 converts the 
motion signal output by the sensor input unit 112 , into a 1.5 . Fourth Configuration Example and Operation 
sound signal , and performs , on the converted signal , for 10 Example 
example , amplification processing for at least a partial 
frequency band , predetermined effect processing , or the like . Subsequently , the fourth configuration example of the 
If the control unit 120 performs the signal processing on the signal processing apparatus 100 according to the embodi 
motion signal output by the sensor input unit 112 , the control ment of the present disclosure will be described . The third 
unit 120 outputs a signal obtained after the signal process- 15 configuration example of the signal processing apparatus 
ing , to the sound output unit 130 . 100 performs signal processing for a motion signal gener 

Similarly to the sound output unit 130 of the signal ated on the basis of a body motion of the user , to generate 
processing apparatus 100 that is illustrated in FIG . 2 , the a sound signal for exaggeratingly representing , by sound , a 
sound output unit 130 includes , for example , a speaker , and motion of the portion , the tool , or the like to which the 
outputs a sound that is based on a signal output from the 20 apparatus is attached . In the fourth configuration example of 
control unit 120 . the signal processing apparatus 100 , a signal to be input is 
By having a configuration as illustrated in FIG . 6 , the not a sound signal that is based on a sound collected by a 

signal processing apparatus 100 according to the embodi- microphone , but an audio signal such as music , and signal 
ment of the present disclosure can perform signal processing processing for the audio signal is performed . 
for a motion signal generated by a motion of the portion , the 25 FIG . 8 is an explanatory diagram illustrating the fourth 
tool , or the like to which the apparatus is attached , to configuration example of the signal processing apparatus 
generate another signal , that is , a sound signal for exagger- 100 according to the embodiment of the present disclosure . 
atingly representing , by sound , a motion of the portion , the The signal processing apparatus 100 according to the 
tool , or the like to which the apparatus is attached . By having embodiment of the present disclosure includes the sensor 
a configuration as illustrated in FIG . 6 , the signal processing 30 input unit 112 , an audio input unit 114 , the control unit 120 , 
apparatus 100 according to the embodiment of the present and the sound output unit 130 . 
disclosure enables presentation to be performed so that a Similarly to the sensor input unit 112 illustrated in FIGS . 
body motion itself can be aurally felt , by generating a sound 4 and 6 , the sensor input unit 112 acquires a motion signal 
signal for exaggeratingly representing , by sound , a motion generated by a motion of the portion , the tool , or the like to 
of the portion , the tool , or the like to which the apparatus is 35 which the signal processing apparatus 100 is attached . The 
attached . motion signal is output from a motion sensor including an 
FIG . 7 is a flow chart illustrating the third operation acceleration sensor , an angular velocity sensor , a geomag 

example of the signal processing apparatus 100 according to netic sensor , and the like , for example . The sensor input unit 
the embodiment of the present disclosure . 112 outputs the acquired motion signal to the control unit 
The signal processing apparatus 100 acquires a motion 40 120 . 

signal generated on the basis of a body motion of the user The audio input unit 114 acquires an audio signal includ 
( step S121 ) . If the signal processing apparatus 100 acquires ing music and the like . The audio signal can be supplied 
the motion signal generated on the basis of the body motion from , for example , an apparatus or service that is different 
of the user , the signal processing apparatus 100 subsequently from the signal processing apparatus 100 ( portable music 
executes signal processing for the acquired motion signal 45 player , smartphone , tablet terminal , personal computer , 
( step S122 ) . The signal processing in step S122 is executed music distribution service on a network , etc. ) . The audio 
by the control unit 120. As signal processing executed in input unit 114 outputs the acquired audio signal to the 
step S122 , the signal processing apparatus 100 performs , for control unit 120 . 
example , amplification processing for at least a partial The control unit 120 performs signal processing for the 
frequency band , predetermined effect processing , or the like , 50 audio signal output by the audio input unit 114. As signal 
while regarding the motion signal as a sound signal . processing for the audio signal output by the audio input unit 

If the signal processing apparatus 100 executes the signal 114 , the control unit 120 performs , for example , amplifica 
processing for the sound signal , the signal processing appa- tion processing for at least a partial frequency band , prede 
ratus 100 outputs a sound signal obtained after the signal termined effect processing , or the like . If the control unit 120 
processing has been executed ( step S123 ) . The sound signal 55 performs the signal processing on the audio signal output by 
obtained after the signal processing has been executed is the audio input unit 114 , the control unit 120 outputs a signal 
output from the sound output unit 130 as a sound obtained obtained after the signal processing , to the sound output unit 
by expanding a motion of the portion , the tool , or the like to 130 . 
which the signal processing apparatus 100 is attached . Then , when performing the signal processing for the 
By executing the operations as illustrated in FIG . 7 , the 60 audio signal , the control unit 120 illustrated in FIG . 8 uses 

signal processing apparatus 100 according to the embodi- the motion signal supplied from the sensor input unit 112 , as 
ment of the present disclosure can perform signal processing a waveform signal generated on the basis of a body motion 
for a motion signal generated by a motion of the portion , the of the user . For example , the control unit 120 changes a 
tool , or the like to which the apparatus is attached , to parameter of the signal processing for the audio signal , in 
generate another signal , that is , a sound signal for exagger- 65 accordance with content of the motion signal supplied from 
atingly representing , by sound , a motion of the portion , the the sensor input unit 112. More specifically , in a case where 
tool , or the like to which the apparatus is attached . By a value of the motion signal is large , that is , an amount of a 
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motion of the portion , the tool , or the like to which the signal in accordance with a motion of the portion , the tool , or the 
processing apparatus 100 is attached is large , the control unit like to which the signal processing apparatus 100 is attached . 
120 may increase an amplification amount to be used when By executing the operations as illustrated in FIG . 9 , the 
amplification processing for the audio signal is performed , signal processing apparatus 100 according to the embodi 
or increase a change amount of the audio signal that is used 5 ment of the present disclosure can perform signal processing 
in effect processing . for an audio signal , to generate another signal , that is , an 

Similarly to the sound output unit 130 of the signal audio signal changed in accordance with a motion of the 
processing apparatus 100 that is illustrated in FIG . 2 or the portion , the tool , or the like to which the apparatus is 
like , the sound output unit 130 includes , for example , a attached . By executing the operations as illustrated in FIG . speaker , and outputs a sound that is based on a signal output 10 9 , the signal processing apparatus 100 according to the 
from the control unit 120 . embodiment of the present disclosure enables presentation By having a configuration as illustrated in FIG . 8 , the 
signal processing apparatus 100 according to the embodi to be performed so that a body motion itself can be aurally 
ment of the present disclosure can perform signal processing felt , by generating an audio signal changed in accordance 
for an audio signal , to generate another signal , that is , an 15 with a motion of the portion , the tool , or the like to which 
audio signal changed in accordance with a motion of the the apparatus is attached . 
portion , the tool , or the like to which the apparatus is In addition , by executing the operations as illustrated in 
attached . By having a configuration as illustrated in FIG . 8 , FIG . 9 , the signal processing apparatus 100 according to the 
the signal processing apparatus 100 according to the embodiment of the present disclosure can change a param 
embodiment of the present disclosure enables presentation 20 eter used in signal processing , in accordance with a motion 
to be performed so that a body motion itself can be aurally of the portion , the tool , or the like to which the signal 
felt , by generating an audio signal changed in accordance processing apparatus 100 is attached . Thus , by executing the 
with a motion of the portion , the tool , or the like to which operations as illustrated in FIG . 9 , the signal processing 
the apparatus is attached . apparatus 100 according to the embodiment of the present 

In addition , by having a configuration as illustrated in 25 disclosure can change a sound to be output , in accordance 
FIG . 8 , the signal processing apparatus 100 according to the with an amount of a motion , even in the same operation . 
embodiment of the present disclosure can change a param 
eter used in signal processing , in accordance with a motion 1.6 . Fifth Configuration Example and Operation 
of the portion , the tool , or the like to which the signal Example 
processing apparatus 100 is attached . Thus , by having a 30 
configuration as illustrated in FIG . the signal processing Subsequently , the fifth configuration example of the sig 
apparatus 100 according to the embodiment of the present nal processing apparatus 100 according to the embodiment 
disclosure can change a sound to be output , in accordance of the present disclosure will be described . In the fourth 
with an amount of a motion , even in the same operation . configuration example of the signal processing apparatus 
FIG . 9 is a flow chart illustrating the fourth operation 35 100 , a signal to be input is not a sound signal that is based example of the signal processing apparatus 100 according to 

on a sound collected by a microphone , but an audio signal the embodiment of the present disclosure . 
The signal processing apparatus 100 acquires an audio such as music , and signal processing for the audio signal is 

signal , and acquires a motion signal generated on the basis performed . The fifth configuration example of the signal 
of a body motion of the user ( step S131 ) . If the signal 40 processing apparatus 100 performs synthesis processing of a 
processing apparatus 100 acquires the audio signal and the sound signal that is based on a sound collected by a 
motion signal generated on the basis of the body motion of microphone , and an audio signal such as music , in accor 
the user , the signal processing apparatus 100 subsequently dance with a motion of the ortion , the tool , or the like to 
executes signal processing for the acquired audio signal on which the signal processing apparatus 100 is attached . 
the basis of content of the motion signal ( step S132 ) . The 45 FIG . 10 is an explanatory diagram illustrating the fifth 
signal processing in step S132 is executed by the control unit configuration example of the signal processing apparatus 
120. As signal processing executed in step S132 , the signal 100 according to the embodiment of the present disclosure . 
processing apparatus 100 performs , for example , amplifica- The signal processing apparatus 100 according to the 
tion processing for at least a partial frequency band , prede- embodiment of the present disclosure includes the micro 
termined effect processing , or the like . 50 phone input unit 110 , the sensor input unit 112 , the audio 

For example , the signal processing apparatus 100 changes input unit 114 , the control unit 120 , and the sound output 
a parameter of the signal processing for the audio signal , in unit 130 . 
accordance with the content of the acquired motion signal . Similarly to the microphone input unit 110 of the signal 
More specifically , in a case where a value of the motion processing apparatus 100 that is illustrated in FIG . 2 or the 
signal is large , that is , an amount of a motion of the portion , 55 like , the microphone input unit 110 acquires an aerodynamic 
the tool , or the like to which the signal processing apparatus sound generated by a motion of the portion , the tool , or the 
100 is attached is large , the signal processing apparatus 100 like to which the signal processing apparatus 100 is attached , 
may increase an amplification amount to be used when and a sound generated by a human near the portion to which 
amplification processing for the audio signal is performed , the apparatus is attached . The microphone input unit 110 
or increase a change amount of the audio signal that is used 60 outputs the acquired sound to the control unit 120 as a sound 
in effect processing . signal . 

If the signal processing apparatus 100 executes the signal Similarly to the sensor input unit 112 illustrated in FIG . 4 
processing for the audio signal , the signal processing appa- or the like , the sensor input unit 112 acquires a motion signal 
ratus 100 outputs an audio signal obtained after the signal generated by a motion of the portion , the tool , or the like to 
processing has been executed ( step S133 ) . The audio signal 65 which the signal processing apparatus 100 is attached . The 
obtained after the signal processing has been executed is motion signal is output from a motion sensor including an 
output from the sound output unit 130 as a sound changed acceleration sensor , an angular velocity sensor , a geomag 
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netic sensor , and the like , for example . The sensor input unit signal changed in accordance with a motion of the portion , 
112 outputs the acquired motion signal to the control unit the tool , or the like to which the apparatus is attached . 
120 . When performing signal processing for a sound signal or 

Similarly to the audio input unit 114 illustrated in FIG . 8 , an audio signal , the control unit 120 in each of the afore 
the audio input unit 114 acquires an audio signal including 5 mentioned configuration examples may perform tone pro 
music and the like . The audio signal can be supplied from , cessing in accordance with a jump degree of a motion of a 
for example , an apparatus or service that is different from the user or a tool to which the signal processing apparatus 100 
signal processing apparatus 100 ( portable music player , is attached . More specifically , the control unit 120 uses , as 
smartphone , tablet terminal , personal computer , music dis a coefficient for performing the tone processing , a value 

obtained by subtracting a differential value of acceleration tribution service on a network , etc. ) . The audio input unit 10 
114 outputs the acquired audio signal to the control unit 120 . ( current acceleration - previous acceleration ) from a current 

acceleration value . The control unit 120 performs signal processing for at By using a value obtained by subtracting a differential least any of the sound signal output by the microphone input value of acceleration ( current acceleration - previous accel unit 110 , the motion signal output by the sensor input unit eration ) from a current acceleration value , as a coefficient for 
112 , and the audio signal output by the audio input unit 114. 15 performing the tone processing , the control unit 120 can As signal processing for the sound signal output by the represent contrast of changes in sound when the user rapidly 
microphone input unit 110 , the motion signal output by the stops a motion or moves . For example , in a case where the 
sensor input unit 112 , and the audio signal output by the user is dancing , if the user stops the motion , the control unit 
audio input unit 114 , the control unit 120 performs , for 120 can instantaneously stop an effective effect . In addition , 
example , amplification processing for at least a partial 20 similarly , in a case where the user is dancing , the control unit 
frequency band , predetermined effect processing , or the like . 120 can cause an effective effect to follow the motion of the 
If the control unit 120 performs signal processing on at least 
any of the sound signal output by the microphone input unit In addition , when the signal processing apparatus 100 
110 , the motion signal output by the sensor input unit 112 , according to the embodiment of the present disclosure 
and the audio signal output by the audio input unit 114 , the 25 outputs an audio signal , the control unit 120 may apply an 
control unit 120 outputs a signal obtained after the signal effective effect to the audio signal on the basis of a value 
processing , to the sound output unit 130 . obtained by subtracting a differential value of acceleration . 

For example , the control unit 120 performs similar ampli For example , when the signal processing apparatus 100 
fication processing , predetermined effect processing , or the outputs an audio signal , in a case where the user slowly 

like on both of the sound signal output by the microphone 30 the audio signal is weakened because a value obtained by moves or stops a motion , an effective effect to be applied to 
input unit 110 , and the audio signal output by the audio input subtracting a differential value of acceleration is small . In unit 114 , in accordance with the motion signal output by the contrast , in a case where the user rapidly stops a motion or 
sensor input unit 112. If the control unit 120 performs the moves , an effective effect to be applied to the audio signal 
processing on both of the audio signal output by the audio is strengthened because a value obtained by subtracting a 
input unit 114 , the control unit 120 synthesizes signals 35 differential value of acceleration is large . In other words , if 
obtained after the processing , and outputs the resultant the user rapidly stops a motion or moves , the control unit 
signal to the sound output unit 130 . 120 can apply contrast to an audio signal to be output . 

In addition , for example , the control unit 120 performs An audio signal output by the signal processing apparatus 
similar amplification processing , predetermined effect pro- 100 may be the one supplied from the outside , or may be a 
cessing , or the like , on either one of the sound signal output 40 sound prerecorded by a microphone 102 or the like , such as 
by the microphone input unit 110 , and the audio signal a sound of human voice or music , for example . By applying 
output by the audio input unit 114 , in accordance with the an effect to a sound prerecorded by the microphone 102 or 
motion signal output by the sensor input unit 112 . the like , the control unit 120 can apply contrast to a sound 

In addition , for example , the control unit 120 may change recorded on the spot . 
a parameter of the amplification processing , the predeter- 45 In addition , the control unit 120 may perform signal 
mined effect processing , or the like that is for the audio processing corresponding to rotation of an attachment por 
signal output by the audio input unit 114 , in accordance with tion of a user or a tool . For example , in a case where the 
a waveform of the sound signal output by the microphone signal processing apparatus 100 is attached to an arm , a leg , 
input unit 110 . or a tool , the control unit 120 may apply a bandpass , lowpass 

Similarly to the sound output unit 130 of the signal 50 or highpass filter in accordance with a rotation angle of an 
processing apparatus 100 that is illustrated in FIG . 2 or the attachment portion . In addition , for example , in a case where 
like , the sound output unit 130 includes , for example , a the signal processing apparatus 100 is attached to an arm , a 
speaker , and outputs a sound that is based on a signal output leg , or a tool in a similar manner , the control unit 120 may 
from the control unit 120 . add an effect such as a pitch shift , in accordance with a 
By having a configuration as illustrated in FIG . 10 , the 55 rotation angle of an attachment portion . 

signal processing apparatus 100 according to the embodi- In addition , the control unit 120 may perform signal 
ment of the present disclosure can perform signal processing processing corresponding to a state of acceleration of a 
for at least any of a sound signal output by the microphone motion of an attachment portion of a user or a tool . The 
input unit 110 , a motion signal output by the sensor input control unit 120 may strengthen tone processing in propor 
unit 112 , and an audio signal output by the audio input unit 60 tion to a degree of acceleration of an attachment portion of 
114 , to generate another signal , that is , a sound signal a user or a tool . 
changed in accordance with a motion of the portion , the tool , 
or the like to which the apparatus is attached . By having a 1.7 . External Appearance Example 
configuration as illustrated in FIG . 10 , the signal processing 
apparatus 100 according to the embodiment of the present 65 Subsequently , an external appearance example of the 
disclosure enables presentation to be performed so that a signal processing apparatus 100 according to the embodi 
body motion itself can be aurally felt , by generating a sound ment of the present disclosure will be described . 



15 

US 11,036,305 B2 
15 16 

FIGS . 11 and 12 are explanatory diagrams each illustrat- The signal processing apparatus 100 may be configured to 
ing an external appearance example of the signal processing be detachable with respect to the band 200 illustrated in FIG . 
apparatus 100 according to the embodiment of the present 11 or 12. Furthermore , the signal processing apparatus 100 
disclosure . The signal processing apparatus 100 illustrated may have a configuration in which a case to be put on a 
in FIG . 11 or 12 is configured to be attached to a band 200 5 microphone is also detachable . For example , in a case where 
for attaching to an arm of a user . sounds are collected from all directions , and the collected 

The signal processing apparatus 100 illustrated in FIG . 11 sounds are desired to be expanded , the case 101 as illustrated 
or 12 includes the microphone input unit 110 that acquires in FIGS . 13A , 13B , and 13C may be attached to the signal 
an aerodynamic sound generated by a motion of the portion , processing apparatus 100. In addition , in a case where 
the tool , or the like to which the signal processing apparatus 10 sounds are collected only from a constant direction , and the 
100 is attached , and a sound generated by a human near the collected sounds are desired to be expanded , a case formed 

so as to have such directionality that only sounds in the portion to which the apparatus is attached , the control unit direction are easily collected may be attached to the signal 120 that performs signal processing for the collected sound , processing apparatus 100 . 
and the sound output unit 130 that outputs a sound on the The aforementioned signal processing apparatus 100 may 
basis of a signal obtained after the control unit 120 has be attached to or incorporated in a tool or a toy used by the performed the signal processing . user . By incorporating the signal processing apparatus 100 

The signal processing apparatus 100 may output a sound in a tool or a toy , not only a motion of a body of a human 
that is based on a signal obtained after the control unit 120 but also a motion of the tool or the toy can be expanded by 
has performed the signal processing , not from the signal 20 sound . For example , the signal processing apparatus 100 
processing apparatus 100 but from an external speaker . The may be incorporated in a ball , shoes , or a sporting tool . By 
external speaker may be connected to the signal processing incorporating the signal processing apparatus 100 in a ball , 
apparatus 100 in a wired manner , or may be wirelessly shoes , or a sporting tool , not only a motion of a body but also 
connected thereto . In addition , the signal processing appa- a motion of a ball separated from the body , and the like are 
ratus 100 may output a sound that is based on a signal 25 expanded by sound . In addition , by incorporating the signal 
obtained after the control unit 120 has performed the signal processing apparatus 100 in a toy or the like , a motion of the 
processing , from an external speaker in addition to from the toy ( toy vehicle , doll , drone ) or the like is expanded by 
signal processing apparatus 100 . sound . 
By enabling a sound that is based on a signal obtained 

after the control unit 120 has performed the signal process- 30 1.8 . Application Example 
ing , to be output from an external speaker in addition to from 
the signal processing apparatus 100 , the signal processing The aforementioned signal processing apparatus 100 may 
apparatus 100 can output a sound from a main body of the transmit to another apparatus , record , or reproduce not only 
signal processing apparatus 100 or output a sound from the a sound generated by a body movement , but also tactile 
external speaker , in accordance with a usage scene . 35 sensation . 

For example , in an environment in which a sound cannot FIG . 15 is an explanatory diagram illustrating an appli 
be output , the signal processing apparatus 100 can output a cation example of the signal processing apparatus 100 
sound obtained after signal processing , to headphones or according to the embodiment of the present disclosure . The 
earphones , so as to enable only the user to hear . In addition , signal processing apparatus 100 may record a sound and 
in a case where a sound is desired to be felt more , the signal 40 tactile sensation ( sound transmitted in a substance ) that are 
processing apparatus 100 can output a sound obtained after generated by a body movement of a user wearing the signal 
signal processing , from the main body . In addition , in a case processing apparatus 100 , and transmit the sound and tactile 
where all the people including surrounding people are sensation to another apparatus . The sound and tactile sen 
exciting , or a motion of the user is to be shown up , the signal sation that have been recorded and transmitted by the signal 
processing apparatus 100 can output a sound obtained after 45 processing apparatus 100 are reproduced by another appa 
signal processing , from an external speaker . ratus . 
FIGS . 13A , 13B , and 13C are explanatory diagrams The signal processing apparatus 100 transmits a sound 

illustrating an external appearance example of the signal and tactile sensation that are generated by a body movement 
processing apparatus 100. In the signal processing apparatus of the user wearing the signal processing apparatus 100 , to 
100 , a semispherical case 101 having honeycomb holes is 50 another apparatus wirelessly for example . In addition , the 
put on so as to cover the microphone 102 that collects an signal processing apparatus 100 records a sound and tactile 
aerodynamic sound . In this manner , by putting on the sensation that are generated by a body movement of the user 
semispherical honeycomb case 101 so as to cover the wearing the signal processing apparatus 100 , in a predeter 
microphone 102 that collects an aerodynamic sound , it mined sound file format , for example . 
becomes easier for the microphone 102 to collect sounds 55 By transmitting a sound and tactile sensation that are 
from all directions . In addition , density of sounds to be generated by a body movement of the user wearing the 
collected becomes higher toward a center portion of the case signal processing apparatus 100 , to another apparatus in this 
101. FIG . 14 is an explanatory diagram schematically illus- manner , a movement experience of another person can be 
trating an effect of putting on the semispherical honeycomb felt . In addition , by recording a sound and tactile sensation 
case 101 so as to cover the microphone 102 that collects an 60 that are generated by a body movement of the user wearing 
aerodynamic sound . the signal processing apparatus 100 , and reproducing the 

It should be appreciated that an external appearance of the sound and tactile sensation afterward , the signal processing 
signal processing apparatus 100 is not limited to this apparatus 100 can cause the user to relive the past movement 
example . As illustrated in FIG . 12 , by putting on a case experience of the user . 
having holes around a microphone , sounds from all direc- 65 More specifically , the signal processing apparatus 100 
tions in 360 degrees around the microphone may be col- may transmit a sound and tactile sensation that are generated 
lected . by a body movement of the user wearing the signal pro 



15 

US 11,036,305 B2 
17 18 

cessing apparatus 100 , to another apparatus simultaneously device may be processed in the order different from the order 
with a broadcast wave video or a network content video . By described in the flow charts , and may also be processed in 
transmitting the sound and tactile sensation to another parallel . 
apparatus simultaneously with the broadcast wave video or Furthermore , it becomes possible to generate a computer 
the network content video , the signal processing apparatus 5 program which makes a hardware device , such as a CPU , a 
100 can cause a user that uses the apparatus , to feel a body ROM , and a RAM incorporated in each device demonstrate 
movement of the user wearing the signal processing appa the functions equivalent to the configurations of the above 
ratus 100 , while viewing the video of the user wearing the described devices . In addition , it becomes also possible to 
signal processing apparatus 100 . provide a storage medium which stores the computer pro 
The signal processing apparatus 100 may have such a 10 gram . In addition , respective functional blocks shown in the 

functional block diagrams may be constituted from hard structure that a microphone is closely attached to a body ware devices or hardware circuits so that a series of pro portion , for example , for transmitting tactile sensation of a cesses may be implemented by the hardware devices or user . By having such a structure that a microphone is closely hardware circuits . 
attached to a body portion , the signal processing apparatus In addition , some or all of the functional blocks shown in 
100 can input an oscillatory waveform having passed the functional block diagrams used in the above description 
through the body or a substance , and detect the oscillatory may be implemented by a server device that is connected via 
waveform as tactile sensation . In addition , the signal pro a network , for example , the Internet . In addition , configu 
cessing apparatus 100 may input an oscillatory waveform rations of the functional blocks shown in the functional 
having passed through the body or a substance , using an 20 block diagrams used in the above description may be 
oscillation sensor in addition to the microphone . implemented in a single device or may be implemented in a 
An apparatus that reproduces a sound and tactile sensation system in which a plurality of devices cooperate with one 

that have been recorded by the signal processing apparatus another . The system in which a plurality of devices coop 
100 can include , for example , an oscillation actuator , a erate with one another may include , for example , a combi 
speaker , a motion sensor , and the like . Examples of the 25 nation of a plurality of server devices and a combination of 
apparatus having these modules can include a smartphone , a server device and a terminal device . 
a smartphone case including these modules , and the like . The preferred embodiment ( s ) of the present disclosure 

For example , an apparatus that reproduces a sound and has / have been described above with reference to the accom 
tactile sensation that have been recorded by the signal panying drawings , whilst the present disclosure is not lim 
processing apparatus 100 may reproduce all sounds and 30 ited to the above examples . A person skilled in the art may 
tactile sensations , or may perform motion detection of a user find various alterations and modifications within the scope 
that uses the above - described apparatus , and reproduce a of the appended claims , and it should be understood that 
sound and tactile sensation that are generated by a body of they will naturally come under the technical scope of the 
a transmitter , only in a case where the user performs the present disclosure . 
same motion as a motion of the transmitter . For example , the signal processing apparatus 100 accord 
By performing tone processing on a sound and tactile ing to the embodiment of the present disclosure performs 

sensation that are generated by a body movement of the user signal processing for a signal generated by a motion of the 
wearing the signal processing apparatus 100 , the signal portion , the tool , or the like to which the apparatus is 
processing apparatus 100 can present the sound and the attached , to output a sound for representing a motion of a 
tactile sensation in an expanded manner . For example , by 40 body in an expanded manner . Aside from the foregoing , for 
performing tone processing on the collected sound and example , by interlocking with an imaging apparatus such as 
tactile sensation , and reproducing the resultant sound and a mobile camera , video processing as in animation may be 
tactile sensation using a speaker and an oscillation actuator , performed in real time , and a video that releases a sound as 
the signal processing apparatus 100 can cause such a sen in an animation world may be generated . 
sation that a property of a substance changes . Further , the effects described in this specification are 

merely illustrative or exemplified effects , and are not limi 
2. Conclusion tative . That is , with or in the place of the above effects , the 

technology according to the present disclosure may achieve 
As described above , according to the embodiment of the other effects that are clear to those skilled in the art from the 

present disclosure , the signal processing apparatus 100 that 50 description of this specification . 
performs signal processing for a signal generated by a Additionally , the present technology may also be config 
motion of the portion , the tool , or the like to which the ured as below . 
apparatus is attached , to generate another signal , that is , a ( 1 ) 
sound signal for exaggeratingly representing , by sound , a A signal processing apparatus including : 
motion of the portion , the tool , or the like to which the 55 a control unit configured to execute , on a basis of a 
apparatus is attached is provided . The signal processing waveform signal generated in accordance with a motion of 
apparatus 100 according to the embodiment of the present an attachment portion of a sensor attached to a tool or a 
disclosure enables presentation to be performed so that a body , effect processing for the waveform signal or another 
body motion itself can be aurally felt , by generating a sound waveform signal , the waveform signal being output from the 
signal for exaggeratingly representing , by sound , a motion 60 sensor . 
of the portion , the tool , or the like to which the apparatus is ( 2 ) 
attached . The signal processing apparatus according to ( 1 ) , in 

It may not be necessary to chronologically execute which the waveform signal is a sound signal collected by the 
respective steps in the processing , which is executed by each 
device of this specification , in the order described in the 65 ( 3 ) 
sequence diagrams or the flow charts . For example , the The signal processing apparatus according to ( 1 ) , in 
respective steps in the processing which is executed by each which , in a case where the waveform signal is not a sound 
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signal , the control unit converts the waveform signal into a 101 case 
sound signal , and then executes the effect processing . 102 microphone 

( 4 ) 110 microphone input unit 
The signal processing apparatus according to ( 1 ) , in 112 sensor input unit 

which the waveform signal is a signal that is based on a 5 114 audio input unit 
motion amount detected by the sensor . 120 control unit 

( 5 ) 130 sound output unit The signal processing apparatus according to ( 1 ) , in 200 band 
which the control unit executes effect processing that is 
based on the waveform signal , on a signal obtained by What is claimed is : synthesizing a sound signal from a predetermined sound 1. A signal processing apparatus , comprising : source , and the another waveform signal . 

( 6 ) a first sensor attached to one of a tool or a body , wherein 
The signal processing apparatus according to any of ( 1 ) to the first sensor is a microphone , and the first sensor is 

( 5 ) , in which the control unit synthesizes the waveform configured to : 
signal and the another waveform signal that are obtained 15 capture an aerodynamic sound of a motion of the first 
after effect processing . sensor ; and 

( 7 ) output a first sound signal based on the captured aerody 
The signal processing apparatus according to any of ( 1 ) to namic sound ; and 

( 6 ) , in which the control unit executes , as the effect pro- a case having honeycomb holes , wherein 
cessing , processing including amplification processing for at 20 a shape of the case is semispherical , and 
least a partial frequency band . the case covers the first sensor . 

( 8 ) 2. The signal processing apparatus according to claim 1 , 
The signal processing apparatus according to any of ( 1 ) to further comprising a second sensor attached to one of the 

( 7 ) , in which the control unit executes , as the effect pro- tool or the body , wherein cessing , processing including echo processing for at least a the second sensor is configured to output a motion signal , partial frequency band . and the motion signal is output based on a motion of an 
( 9 ) attachment portion of the second sensor . The signal processing apparatus according to any of ( 1 ) to 3. The signal processing apparatus according to claim 2 , 

( 8 ) , in which the control unit executes , as the effect pro further comprising : cessing , processing including pitch shift processing . 
( 10 ) circuitry configured to : 
The signal processing apparatus according to any of ( 1 ) to execute an effect processing operation on the first 

( 9 ) , in which the control unit changes a detail of the effect sound signal based on the motion signal output by 
processing in accordance with content of the waveform the second sensor ; and 
signal . generate a second sound signal based on the execution 

( 11 ) of the effect processing operation on the first sound 
The signal processing apparatus according to any of ( 1 ) to signal , wherein 

( 10 ) in which the control unit changes a detail of the effect the generated second sound signal is an audio rep 
processing in accordance with an instruction issued by a resentation of the motion of the attachment portion 

of the second sensor , and 
( 12 ) a speaker configured to output the second sound signal , 
The signal processing apparatus according to any of ( 1 ) to wherein 

( 11 ) , including : the outputted second sound signal corresponds to the 
a semispherical case having honeycomb holes , the semi captured aerodynamic sound . 

spherical case covering a sensor that outputs the waveform 4. The signal processing apparatus according to claim 3 , 
signal . 45 wherein 

( 13 ) the circuitry is further configured to : 
The signal processing apparatus according to ( 12 ) , in synthesize a third sound signal based on a sound source 

which holes of the case become smaller toward a center . and the first sound signal ; 
( 14 ) obtain a signal based on the synthesized third sound 
A signal processing method including : signal ; and 
executing , by a processor , on a basis of a waveform signal execute the effect processing operation on the obtained 

generated in accordance with a motion of an attachment signal based on the motion signal . 
portion of a sensor attached to a tool or a body , effect 5. The signal processing apparatus according to claim 3 , 
processing for the waveform signal or another waveform wherein 
signal , the waveform signal being output from the sensor . the circuitry is further configured to execute , as the effect 

( 15 ) processing operation , an echo processing operation for 
A computer program for causing a computer to execute : at least a partial frequency band of the first sound 
executing , on a basis of a waveform signal generated in signal . 

accordance with a motion of an attachment portion of a 6. The signal processing apparatus according to claim 3 , 
sensor attached to a tool or a body , effect processing for the 60 wherein 
waveform signal or another waveform signal , the waveform the circuitry is further configured to execute , as the effect 
signal being output from the sensor . processing operation , a pitch shift processing opera 

tion . 
REFERENCE SIGNS LIST 7. The signal processing apparatus according to claim 3 , 

65 wherein 
1 user the circuitry is further configured to change a detail of the 
100 signal processing apparatus effect processing operation based on a user instruction . 

35 

user . 

40 

50 

55 



10 

15 

US 11,036,305 B2 
21 22 

8. The signal processing apparatus according to claim 3 , the first sensor captures an aerodynamic sound of a 
wherein motion of the first sensor , 

the circuitry is further configured to execute , as the effect the first sensor outputs a second sound signal based on 
processing operation , an amplification processing the captured aerodynamic sound , 
operation for at least a partial frequency band of the 5 the case covers the first sensor , 
first sound signal . a shape of the case is semispherical , 

9. The signal processing apparatus according to claim 3 , the case has honeycomb holes , 
further comprising an audio device configured to output an the second circuitry executes an effect processing 
audio signal , wherein operation on the second sound signal , the circuitry is further configured to : the second circuitry generates the first sound signal execute , based on the motion signal , the effect process based on the execution of the effect processing ing operation for the first sound signal and the audio operation on the second sound signal , and signal ; and the first sound signal corresponds to the captured synthesize the first sound signal and the audio signal to aerodynamic sound ; and generate a resultant signal . 

10. The signal processing apparatus according to claim 1 , reproduce the received first sound signal . 
wherein 13. The apparatus according to claim 12 , wherein 

the signal processing apparatus further comprises a sec the honeycomb holes of the case become smaller toward 
ond sensor , a center of the case . 

the second sensor outputs a motion signal , 11. A signal processing method , comprising : 
in a signal processing apparatus : the second circuitry receives the motion signal which is 

output by the second sensor of the signal processing capturing , by a sensor of the signal processing appa 
ratus , an aerodynamic sound of a motion of the apparatus and 

the second circuitry executes the effect processing opera sensor , wherein the sensor is attached to one of a tool 
tion on the second sound signal based on the received or a body , and the sensor is a microphone ; and motion signal outputting , by the sensor , a sound signal based on the 14. The apparatus according to claim 12 , wherein captured aerodynamic sound , wherein 

the second circuitry executes , as the effect processing a case of the signal processing apparatus covers the operation , a pitch shift processing operation . 
sensor , 

a shape of the case is semispherical , and 15. The apparatus according to claim 12 , wherein 
the second circuitry changes a detail of the effect pro the case has honeycomb holes . 

12. An apparatus , comprising : cessing operation based on a user instruction . 
first circuitry configured to : 16. The apparatus according to claim 12 , wherein 

the second circuitry executes , as the effect processing receive , from a signal processing apparatus , a first sound operation , an amplification processing operation for at signal , wherein least a partial frequency band of the second sound the signal processing apparatus comprises a first sensor , 
second circuitry , and a case , signal . 

the first sensor is a microphone , 
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